Introduction
Apoptosis is a characterized form of cell death and is mostly studied. Known commonly as programmed cell death, apoptosis is the packaging of dying cells into fragments that are easily consumed and eliminated by phagocytes without disturbing the normal function of surrounding tissues [1] . Equilibrium between cell death and cell proliferation is important to avoid disruption of the cellular balance.
Excessive apoptosis or deficient apoptosis is the cause of many clinical diseases including cancer [2] . Apoptosis can be initiated through two separate pathways, the intrinsic or mitochondrial pathway and the extrinsic or death receptor pathway. In cancer management, apoptosis has become an important tool as a target by potent apoptosis-inducing agents, including both chemical and biological [3] .
Objective: To determine the anti-proliferative activity of Abrus precatorius (A. precatorius) leaf extracts and their effect on cell death.
Methods:
A. precatorius leaves were extracted successively with hexane, ethyl acetate and methanol by Soxhlet extraction. Aqueous extract was prepared by decoction at 50 曟 .
Extracts of A. precatorius leaves were used to treat selected cancer and normal cell lines for 72 h. Furthermore, 3-(4,5-dimethyl thiazol-2-yl) 2,5-diphenyl tetrazolium bromide assay was performed to determine cell viability. Analysis of cell cycle arrest, apoptosis assay and apoptosis protein expressions were determined by flow cytometry. 
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Original Article
Cancer prevalence is increasing and has been one of the main causes of death. World Health Organization [4] reported that cancer is the second leading cause of death worldwide with an estimated 9.6 million of deaths in 2018, in which 1 in 6 deaths is caused by cancer. The leading cancers causing deaths include lung, colorectal, stomach and breast cancer. About 627 000 death cases were reported due to breast cancer globally. In Malaysia, 43 837 new cases were reported in 2018 with breast cancer amounting to 7 593 cases [5] .
Advances in the medical field have proven to be the preferable choice to combat cancer. However, these advances are used with concern due to their side effects and limitations. This scenario has generated increasing demand of traditional medicines with medicinal plants either as complementary to the allopathy treatments or as a complete alternative. Many issues were raised with this development especially concerning the toxicity and efficacy of the medicinal plants extract. Therefore, it is noted that more studies are needed in order to provide better understanding of the biological activities and underlying mechanism of the medicinal plants.
Medicinal plants are widely sought as an alternative in various treatments including cancer. These plants are extensively studied to screen for potential phytochemical as anticancer agents. Abrus precatorius (A. precatorius) is a flowering plant that belongs to the legume family, Fabaceae. This plant is native to India, however, it is also found in other parts of tropical areas, like Malaysia [6] . This plant is phenotypically recognized by its slender, perennial, climbing twigs with pinnate leaves arranged in pairs. A. precatorius seeds are red with black dot. In Malaysia, the leaves of A. precatorius are traditionally used to treat simple illness such as mouth ulcer and fever. Moreover, A. precatorius is also reported to be used as an anticancer agent [7] [8] [9] [10] [11] [12] [13] .
Gul et al [7, 12] reported anti-proliferative activities of A. precatorius against human acute monocytic leukemia cell line (THP-1), while Sofi et al [8, 13] reported its anti-proliferative activities against MDA-MB-231 by using aqueous extract and fractions from gradient elution of ethyl acetate extract. Our previous study [6] firstly reported the phytochemical analysis of this plant in Malaysia. Therefore, this study aimed to further elucidate the anticancer properties of A.
precatorius leaves extracts on cancer cell lines and investigate their effect on cancer cell death.
Materials and methods

Plants collection and extract preparation
A. precatorius leaves were collected from Kampung Sabak, Pengkalan Chepa Kelantan and given a specimen voucher USM 11730 by the Herbarium Unit, School of Biological Sciences, Universiti Sains Malaysia for future references. About 22 g of ground A. precatorius were subjected to successive Soxhlet extraction with hexane, ethyl acetate and methanol. Aqueous extract was prepared by decoction of the ground leaves at 50 曟 in 500 mL of distilled water until the water was reduced to a third of the initial volume. All extracts were kept at -20 曟 until use. These cells-antibodies mixtures were incubated for 20 min at room temperature, then washed once and resuspended in 500 µL PBS.
Cell culture
All samples readings were acquired with FACSCANTO 栻 (BD Bioscience). Data was analysed with FlowJo software.
Statistical analysis
The data were expressed as mean 依 SD of three repeated experiments. The level of statistical significance was tested using repeated measure one-way ANOVA, followed by Dunnett's multiple comparison test. The difference was considered significant if P<0.05.
Analyses were all done using GraphPad Prism7.
Results
Screening of A. precatorius extracts on various cancer and normal cells
The IC 50 values are summarized in Table 1 
Effects of APME on cell cycle progression in MDA-MB-231 cells
The ability of the APME to reduce cell viability could be due to cell death mediated by cell cycle arrest. Therefore, cell cycle arrest was investigated using flow cytometric analysis of PI stained DNA.
Representative profiles of the cell cycle progression are presented in 
Effects of APME on apoptosis in MDA-MB-231 cells
To determine the ability of the APME to induce apoptosis, an apoptosis assay was performed using the Annexin 桋 -FITC detection kit 栺 (BD Bioscience). Representative profiles of the apoptosis assays are presented in Figure 3 (a) and percentage of each phase of cell death progression is presented in Figure 3 
Discussion
Medicinal plants have been actively studied over the years in research labs and used traditionally worldwide. A. precatorius is one of the medicinal plants that belongs to the legume family Fabaceae.
The legume family has many plants that exhibit excellent anticancer properties [16] [17] [18] [19] . Cell growth and proliferation of mammalian cells occurs through cell cycle; thus, the inhibition of the cell cycle progression is the ideal target for anticancer agents [20, 21] . APME exhibited growth optimal way in cancer treatment. In order to confirm whether the inhibition of cell proliferation induced by APME is due to apoptosis, rather than necrosis, apoptosis assay using Annexin 桋 -FITC and PI staining was performed following the treatment with the extract.
Annexin 桋 stains the phosphatidylserine of the inner cell membrane which is exposed during the early stage of apoptosis. Our results demonstrated that the APME promotes cell death via apoptosis.
Early apoptosis occurred after 48 h and eventually led to late apoptosis following 72 h of treatment.
Decrease of mitochondrial outer membrane permeability (MOMP) indicated the irreversible events of early apoptosis. MOMP is highly regulated by anti-apoptotic and pro-apoptotic proteins [22] . Bax is a pro-apoptotic protein and Bcl-2 is an anti-apoptotic protein [23] . Overexpression of Bcl-2 like proteins such as Bcl-2, Bcl-xL and MCL-1 was detected in various cancers including lymphoma [25] , lung cancer [26] , neuroblastoma [27] and breast cancer [28] . MOMP is an important event of apoptosis because once it is activated, cell will face death sentence regardless of caspase activation [29] .
Increased expression of caspase-3 protein signified the apoptosis events in the MDA-MB-231 cells treated with the APME. Caspase-3 activation can occur both in the extrinsic or intrinsic pathway. Upon activated, caspase-3 will cleave hundreds of other proteins, which subsequently leads to the biochemical and morphological signals of apoptosis. These hallmark events include DNA fragmentation, plasma membrane blebbing and phosphatidylserine exposure [30] . As shown in the apoptosis assay, exposure of phosphatidylserine was detected by Annexin 桋 -FITC and this indicates the early apoptosis event.
The results of this current study exhibited that APME inhibited MDA-MB-231 cell proliferation by DNA arrest at G 0 /G 1 and induced apoptosis through Bax/Bcl-2 and caspase-3 proteins regulation.
These findings suggest that APME successfully promotes cell death in breast cancer cell, MDA-MB-231 via apoptosis.
